Several factors suggest that spontaneous dyskinesia may be a useful non-diagnosis phenotype for further elucidating the specific nature of the genetic contribution to schizophrenia. For example, involuntary movement abnormalities have been observed in both medicated and unmedicated schizophrenia patients, in individuals with schizotypal personality disorder, and sometimes in siblings of schizophrenia patients. However, there are many inconsistencies present in the literature to date. The current study thus sought to investigate the existence of spontaneous dyskinesia in schizophrenia patient probands, their non-psychotic siblings, and healthy controls in order to clarify its potential value as an "endophenotypes" in genetic studies of schizophrenia.
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INTRODUCTION
After decades of research, the specific nature of the genetic contribution to schizophrenia remains unclear. Although family, twin, and adoption studies indicate that the diagnosis of schizophrenia is itself highly heritable [estimated at approximately .80 (Cardno et al., 1999) ], and despite some promising leads, the search for specific genetic abnormalities has not yet clearly identified any genes of major or moderate effect (O'Donovan et al., 2003) . This suggests that several genes affect the diagnosis of schizophrenia, but the diagnosis is itself not highly associated with any individual gene variant (Pogue-Geile & Gottesman, 1999) .
One possible means of making progress in this area is to identify non-diagnosis phenotypes that are more associated with specific genetic liabilities than is the schizophrenia diagnosis itself. In seeking to identify such "endophenotypes" (Gottesman & Gould, 2003; Gottesman & Shields, 1972) an initial rule of thumb is that a candidate phenotype should be more frequently observed in individuals with schizophrenia than controls and should not be an artifact that is secondary to having the disorder (e.g., an effect of taking antipsychotic medication). The greater the association between a candidate phenotype and the putative pathology of schizophrenia, the more useful it may be. Once this association is established, the presence and nature of the phenotype in relatives of schizophrenia patients should be evaluated.
The more strongly the phenotype is associated with the genetic liability to the disorder, evidenced by either increased frequency or severity in relatives compared to non-relatives, the greater its potential value.
Spontaneous dyskinesia appears to be a plausible candidate for use with this strategy.
Spontaneous dyskinesia refers to abnormal, involuntary movements of the face, limbs, or trunk that occur unprompted and are not under the control of the individual. In this report, the terms "spontaneous dyskinesia" and "spontaneous involuntary movement abnormality" will be used interchangeably.
Several factors suggest that spontaneous dyskinesia may be a useful endophenotype for further elucidating the nature of genetic effects in schizophrenia. Foremost, there are numerous reports in the literature of involuntary movement abnormalities in both unmedicated and medicated schizophrenia patients. Secondly, involuntary movements have been observed in individuals with schizophrenia spectrum disorders (e.g., schizotypal, schizoid, or paranoid personality disorder). This group of individuals has been hypothesized to share genetic liability with schizophrenia. Thirdly and most importantly, there is also evidence that movement abnormalities may be present in the non-psychotic relatives of schizophrenia patients. These three areas will be reviewed briefly below.
Before considering these, it is worth noting that many involuntary movement abnormalities can be produced by damage to, or dysregulation of specific brain regions and related neurotransmitter systems that also may be implicated in schizophrenia. For example, lesions involving the caudate nucleus, putamen, globus pallidus, subthalamic nucleus, thalamus, and cerebellum have been associated with particular spontaneous dyskinesias in several studies using a variety of methodological techniques (e.g., Antonini et al., 1998; Dooling & Adams, 1975; Kim et al., 2002; Krystkowiak et al., 2000; Krystkowiak et al., 1998; LeDoux & Brady, 2003; Lehericy et al., 1996; Lenz et al., 2002; Lozza et al., 2002; Naumann et al., 1996; Perlmutter et al., 1997) . Moreover, an array of structural and functional abnormalities have been observed in several of these regions in individuals with schizophrenia, although substantial variation in findings exists (e.g., Danos et al., 2002; Gunduz et al., 2002; Jernigan et al., 1991; Keshavan et al., 1998; Lang et al., 2001; Marcelis et al., 2003; McCreadie et al., 2002; Menon et al., 2001; Muller et al., 2002; Sigmundsson et al., 2001; Staal et al., 2000; Staal et al., 2001; Young et al., 2000) . Thus, to the extent that it has been demonstrated in individuals with spontaneous dyskinesia and in individuals with schizophrenia, the presence of pathology in brain regions integral to normal movement control is consistent with a connection between movement abnormalities and schizophrenia.
Spontaneous dyskinesia in schizophrenia
As outlined above, the first step in evaluating the potential utility of spontaneous dyskinesia is to establish the frequency and characteristics of abnormal movements in individuals with schizophrenia and determine whether or not they are simply artifacts. The primary concern is with the effects of medication, as there is evidence that neuroleptics can produce movement abnormalities (e.g., extrapyramidal symptoms, tardive dyskinesia) (Crane, 1968; Marsden & Jenner, 1980) , as well as neurotoxicity, volumetric abnormalities, and changes in blood flow that may alter the functioning of brain regions associated with movement regulation (e.g., the basal ganglia) (Corson et al., 2002; Gil-ad et al., 2001; Gunduz et al., 2002) . Given this concern, only findings pertaining to spontaneous involuntary movements reported in neuroleptic naïve schizophrenia patients (individuals who have never been exposed to neuroleptic medication) will be reviewed here.
Ten studies have investigated the presence of spontaneous dyskinesia in individuals with schizophrenia who are neuroleptic naïve (Caligiuri et al., 1993; Chatterjee et al., 1995; Chorfi & Moussaoui, 1989; Fenn et al., 1996; Gervin et al., 1998; McCreadie & Ohaeri, 1994; McCreadie et al., 1996; Owens et al., 1982; Puri et al., 1999; Srinivasan et al., 2001) , and seven of these studies observed some spontaneous dyskinesia in these patients, including tremor, choreoathetosis, dystonia, and akathisia. The average percentage of spontaneous dyskinesia in schizophrenia patients reported by these studies, weighted by sample size, was 16%-25% depending on the stringency of the criteria employed. It is possible that age may be positively associated with the frequency of these abnormal movements, as the studies that included patient samples over 60 years of age reported the highest percentages of spontaneous dyskinesia.
Of the three studies that included a control group, one study demonstrated a greater percentage of spontaneous dyskinesia in neuroleptic naïve patients compared to controls, and the other two studies reported that neither controls nor patients demonstrated abnormal movements.
The average percentage of spontaneous dyskinesia in controls, weighted by sample size, was 9%-12%. Thus, it appears that in a substantial minority of patients, spontaneous dyskinesia may be associated with the diagnosis of schizophrenia and may not be simply an artifact of medication, although further study is required given the methodological constraints of these studies and the inconsistent results.
Spontaneous dyskinesia in schizophrenia spectrum disorders
To date, schizotypal personality disorder (SPD) has received the most support in the literature for its potential genetic relatedness to schizophrenia (Pogue-Geile, in press). Two studies have reported on spontaneous dyskinesia in schizotypal individuals. Cassady et al. (1998) reported higher ratings of dyskinesia in SPD participants compared to individuals with schizoid personality and normal controls, with 24% of schizotypal participants being diagnosed with dyskinesia based on a global rating score. Walker et al. (1999) also reported that SPD participants demonstrated significantly more involuntary movements, particularly of the head, arms, hands, and fingers, compared to individuals with another personality disorder and nonpersonality disordered controls. If individuals with SPD do share a portion of the genetic liability to schizophrenia, then these findings suggest a connection between movement abnormalities and susceptibility to the disorder. However, much remains unknown regarding the degree of genetic correlation between schizophrenia spectrum disorders and schizophrenia itself, as well as the relative risk of acquiring schizophrenia once being diagnosed with a spectrum disorder (e.g., MacDonald et al., 2001 ).
Spontaneous dyskinesia in relatives of schizophrenia patients
The extent to which these movement abnormalities are more frequently observed in relatives of schizophrenia patients compared to controls constitutes a crucial piece of evidence that spontaneous dyskinesia may be associated with the genetic liability to the disorder. We are aware of four studies to date that have reported on the percentage of spontaneous involuntary movements in non-psychotic, adult, first-degree relatives (parents and siblings) of individuals with schizophrenia compared with controls (Chen et al., 2000; Flyckt et al., 1999; Kinney et al., 1986; McCreadie et al., 1996) . Three of the four studies observed some spontaneous dyskinesia in the first-degree relatives (e.g., tremor, chorea), and two of these reported a higher percentage of spontaneous dyskinesia in relatives compared to controls. The two studies that included relatives with a mean age in the 60s reported the highest percentage of movement abnormalities, thus age may have affected the results. However, there are exceptions to this pattern . The average percentage of spontaneous dyskinesia in relatives, weighted by sample size, was 19%-24% depending on the criteria employed, whereas the weighted average in controls was 11%.
The above results suggest that spontaneous dyskinesia may be present in a subset of relatives of schizophrenia patients. However, these findings are not entirely persuasive given the inadequacies of the current literature. Not only are there few studies on spontaneous dyskinesia in relatives, there are several methodological limitations. For example, exclusion criteria for the relatives varied considerably across these studies: Chen et al. (2000) excluded any mental illness, Kinney et al. (1986) excluded schizophrenia, Flyckt et al. (1999) excluded any psychotic disorder, and McCreadie et al. (1996) did not report exclusion criteria. Furthermore, within each study, exclusion criteria for the control groups were often stricter than that for the relatives. For example, Flyckt et al. (1999) and Kinney et al. (1986; Woods et al., 1986) excluded controls with any psychiatric disorder. In addition, although all of the studies used standardized rating scales to assess abnormal movement, most of the scales used were not specifically designed to assess spontaneous and involuntary movement abnormalities. Moreover, only two of the four studies McCreadie et al., 1996) reported that the assessments were conducted blind to participants' group status.
Summary
Taken together, these findings may suggest that spontaneous, involuntary movement abnormalities exist in a substantial minority of neuroleptic naïve schizophrenia patients, schizotypal individuals, and perhaps the first-degree relatives of schizophrenia patients.
Additionally, such movements also have potentially interesting brain correlates. This evidence suggests that spontaneous dyskinesia may be a useful non-diagnosis phenotype in the search for specific genetic abnormalities in schizophrenia. However, despite this apparent promise, there are considerable inconsistencies and confounds present in the literature. Further investigation appears warranted to resolve these methodological problems and clarify the value of spontaneous dyskinesia in genetic research on schizophrenia.
For these reasons, this study sought to determine the existence of spontaneous dyskinesia in siblings of schizophrenia or schizoaffective probands using sensitive, reliable, and blind assessments, while minimizing confounds (e.g., age, control group selection criteria) that previously existed in the literature. This study tested the following hypotheses: 1) Schizophrenia/schizoaffective patient probands display more involuntary movements compared to controls;
2) Schizophrenia/schizoaffective patient probands display more involuntary movements compared to their siblings;
3) Index siblings display more involuntary movements compared to controls.
In addition, this study investigated which categories of involuntary movements are most prominent and which upper body regions evidence involuntary movements the most.
METHODS
Participants
Spontaneous dyskinesia was assessed in four groups of participants: schizophrenia or schizoaffective index probands, their biological index siblings, demographically matched well control probands, and their biological control siblings. All individuals were participants in the University of Pittsburgh Sibling Study of Schizophrenia and Neuropsychology (e.g., Craver & Pogue-Geile, 1999) .
Index Probands
Schizophrenia or schizoaffective outpatients were recruited from a clinic specializing in the treatment of schizophrenia at the Western Psychiatric Institute and Clinic of the University of Pittsburgh. Screening criteria were a chart diagnosis of schizophrenia or schizoaffective disorder; English as a first language; age between 18 and 45 years; at least one full biological sibling living in the greater Pittsburgh area; no history of diagnosed neurological disease; no history of alcohol or substance abuse that would put the diagnosis of schizophrenia into question; minimum of 6 months since last hospital discharge; and current symptom stability as judged by clinicians. All patients who met the above criteria, gave informed consent for their own participation, and gave permission to contact at least one of their full biological siblings, were interviewed with the Schedule for Affective Disorders and Schizophrenia -Lifetime Version (SADS-L) to confirm that they met the Research Diagnostic Criteria (RDC) for a lifetime definite diagnosis of schizophrenia or schizoaffective disorder.
Index Siblings
One full biological sibling was recruited for each participating index patient proband. To include siblings who were matched demographically as closely as possible to the patients, siblings were ranked and recruited based on their similarity in sex and age to their patient relative, with sex similarity having the higher priority. Only siblings without RDC diagnoses of schizophrenia, schizoaffective disorder, or neurological disease were included in analyses.
Otherwise, the psychopathology of the patient siblings was not constrained.
Control Probands
Healthy control probands were recruited through notices in a weekly mailed advertising publication. Initial inclusion criteria, determined through a telephone interview, were: English as a first language; age between 18 and 45 years; no personal history of psychiatric treatment; no history of diagnosed neurological disease; no history of schizophrenia or psychosis among firstdegree relatives; and a least one full biological sibling in the greater Pittsburgh area interested in participating in the study. Attempts were also made to select respondents who as a group matched the siblings of the schizophrenia probands on sex, age, ethnicity, and years of education.
Individuals meeting these initial criteria were further screened over the telephone with a modified version of the SADS-L for any probable RDC diagnosis and with a modified version of the Structured Interview for DSM-III Personality Disorders (SIDP) (Pfohl et al., 1982) for schizoid, schizotypal, and paranoid personality disorders before in-person interviews.
Control Siblings
One full biological sibling of each healthy control proband was recruited. Similar to the patient siblings, control siblings were ranked and recruited based on their sex-and age-match to their relative. The only exclusion criteria were: any personal lifetime history of RDC schizophrenia, schizoaffective disorder, or diagnosed neurological disease. All other characteristics of these siblings were free to vary.
Assessments
General Psychopathology
Trained research associates or graduate students in clinical psychology interviewed all participants in person with the SADS-L, and hospital chart information was collected if available. Additionally, all participants except the schizophrenia patients were interviewed with the complete SIDP to assess the presence of DSM-III Axis II personality disorders. RDC diagnoses and DSM-III Axis II diagnoses derived from the SADS-L and SIDP, respectively, were made by a diagnostic team chaired by an experienced licensed clinical psychologist (M. P.-G.) who trained on the SIDP with its developers at the University of Iowa.
The chair of the diagnostic team was blind to group membership, although the interviewers were not.
The RDC diagnoses derived from the SADS-L and SIDP were grouped into four categories: 'schizophrenia', 'schizophrenia spectrum', 'other', and 'non-diagnosis'. The schizophrenia category included individuals who endorsed schizophrenia episodes only, schizoaffective episodes only, or both schizophrenia and schizoaffective episodes. The schizophrenia spectrum category consisted of those individuals who received a diagnosis of schizotypal personality disorder, schizoid personality disorder, or paranoid personality disorder.
The other category included individuals who received a diagnosis other than schizophrenia, schizoaffective disorder, or a schizophrenia spectrum diagnosis, including mania, depression, alcoholism, substance abuse, panic disorder, generalized anxiety disorder, obsessive compulsive disorder, specific phobia, or a personality disorder other than paranoid, schizoid, or schizotypal personality disorder. The non-diagnosis category included those individuals who did not receive any diagnosis.
Spontaneous Dyskinesia
Each participant meeting the above inclusion criteria, and for whom videotape of the in- were assigned arbitrary study numbers unassociated with group or family status, were viewed in a randomized order, and were coded without audio to maintain the blind.
Spontaneous Dyskinesia Coding. Each segment was assessed for the presence of spontaneous, involuntary movement abnormalities by a trained coder who was blind to group and family status. The same individual coded all participants. (A detailed description of the coding procedures is available from the author.) Based on previous research (e.g., Walker et al., 1999) , only movement abnormalities affecting the upper limbs, head, face, and trunk of each participant were assessed. In the context of this study, "spontaneous" refers to movements that did not occur in response to a command (e.g., not elicited by an examiner asking the individual to perform a task). The term "involuntary" refers to movements that did not appear to be intentionally initiated by the participant and occurred seemingly beyond the ability of the individual to prevent, control, or direct them. Lastly, "abnormal" refers to movements that, either in kind or quantity, appeared outside the range of movements expected to occur within the context of a clinical interview.
Each occurrence of a spontaneous, involuntary, abnormal movement was classified into one of nine categories: chorea, athetosis, choreoathetosis, akathisia, ballismus, dystonia, resting tremor, intention tremor, and "other". Classification decisions were made using the following operational descriptions based on current neurology texts (e.g., Kaufmann, 2001) . Chorea:
quick, discrete, non-rhythmic, jerky movements, which tended to be abrupt in onset and seemed unpredictable in sequence and timing. Athetosis: slow, continuous, writhing movements, which appeared as a sequence of extension-flexion, pronation-supination movements. Choreoathetosis:
slow, writhing movements punctuated by jerky movements within the same body region.
Akathisia: repetitive, restless, fidgety movements. Ballismus: sudden, large, flinging or flailing movements. Dystonia: twisting movements that seemed to result from slow, sustained spasms of agonist and antagonist muscles. Tremor: a fine, rhythmic, repetitive, oscillating motion that occurred when posture was relaxed (resting tremor), or while the individual was in motion (intention tremor). As the classifications were based solely on observation, the emphasis was placed on determining whether the movement resembled the operational description of the movement category and appeared to be spontaneous, involuntary, and abnormal (e.g., a brief, non-rhythmic, jerky movement was considered "chorea-like" and classified as chorea). Thus, these categorizations were not intended as clinical diagnoses. Finally, to ensure that a movement abnormality occurrence that did not fit one of these categories was not missed, the "other" category was used if the rater was unable to determine which type of involuntary movement was observed.
In addition, the part of the body (arms, hands/fingers, head, face, or trunk) in which the movement occurred was specified as well as the side of the body on which the abnormality occurred (right and/or left side for arms and hands/fingers). Specifically, arm movement comprised any involuntary movement from the shoulder down that involved the arm, hand, and fingers as a unit. Hand/finger movement comprised any involuntary movement occurring at and/or below the wrist, including movement that involved the hand and fingers as a unit, or movement localized to one or more fingers.
The start and stop time of each movement, its maximum intensity, and a confidence rating were coded on a one-second time base. Intensity was coded as: 1 -mild, 2 -moderate, and 3 -severe; confidence of abnormality was coded as: 0.5 -questionable and 1 -definite. The determination of intensity was based on the amplitude of the movement; confidence of abnormality was based on how sure the rater was that the movement was both abnormal and involuntary within the context of the interview. Movements were not coded if they were clearly voluntary or purposeful (e.g., expressive gestures), intentional (e.g., playing with an objecthair, pen, etc.; non-repetitively shifting position), completely or nearly completely occluded by an object or other body region, or were the result of a movement in another part of the body (e.g., trunk movement occurring because leg position was shifted).
Behavior coding was performed using The Observer Video-Pro 5.0 (Noldus, 2003) , a program specifically designed for the collection and analysis of observational data. Within this program, each body region was considered as a behavioral class, and each movement category was treated as an element within each of the behavioral classes. Severity and abnormality were each considered modifier classes, with 'mild', 'moderate', and 'severe' being elements of the severity class and 'questionable' and 'definite' being elements of the abnormality class.
Duration was automatically calculated by the program from the start and stop times of each movement occurrence and was rounded to the nearest second.
Weighted and Aggregate Scores. To obtain a single index reflecting duration, severity, and abnormality of movement, a weighted score was calculated for each instance of a movement category occurring within each body region. This weighted score equaled the product of the duration of the movement (in seconds), the severity score (1, 2, or 3), and the abnormality score (0.5 or 1) for the occurrence.
The weighted scores for each occurrence were then summed to yield aggregate weighted scores for each participant, resulting in a weighted score for each movement category and an overall total weighted score. The score for each movement category was calculated by summing the weighted scores occurring within that category across all of the body regions in which that movement occurred. The overall total was calculated by summing all weighted scores across all categories of movement and all body regions.
Inter-rater reliability. Prior to coding the participant interviews, 25 videotaped interviews of non-study schizophrenia patients were used for training and to ascertain initial inter-rater reliability. Following training, study inter-rater reliability of ratings was assessed using 30 study participants, randomly ordered across groups and stratified to ensure equal inclusion of participants from each group. The primary rater and a second trained rater separately coded the video segments from each of the 30 participants.
Intra-class correlations were calculated using a two-way mixed effects model. The intraclass correlations were: overall total 0.90; akathisia 0.91; chorea 0.74; choreoathetosis 0.61; and rest tremor 0.79. Dystonia and intention tremor were only observed in two participants, and athetosis, ballismus, and 'other' were not coded for any participants, therefore intra-class correlations were not calculated for those categories.
RESULTS
Sample Characteristics
One hundred seventy-six participants met the inclusion criteria described above. These indicated that the control probands and control siblings did not significantly differ on any of the variables assessed except, as expected, lifetime alcohol or substance abuse (X² = 7.093, df = 1, p = .008). Therefore, in order to increase sample size, the control proband and control sibling groups were combined in subsequent demographic comparisons. (Hosmer & Lemeshow, 1989) . In this case, the measures of spontaneous dyskinesia were utilized to predict group membership (e.g., schizophrenia vs. controls). No occurrences of the movement categories ballismus and other were noted, thus these categories were not included in analyses. The means and standard deviations of the aggregate variables are presented in Table 2 . were combined for all subsequent analyses.
Group demographic comparisons
Index probands vs. controls
The index proband group and the combined control group were compared using logistic regression analysis with age, sex, ethnic group, and alcohol and substance abuse as covariates.
As can be seen in Table 3 , the index probands had a significantly higher overall total involuntary movement score compared to the combined controls. Based on the total score, 82% of the individuals in the index proband group were classified as probands and 84% of those in the combined control group were classified as controls (see Appendix A). The index proband group also had a significantly higher score on the individual movement categories of akathisia, rest tremor, and intention tremor. Equivalent results were found when the index proband group was compared separately with the control proband and control sibling groups with one minor exception: intention tremor was not significant when index probands were compared with only the control sibling group. Using a Bonferroni correction for the seven movement category comparisons, akathisia and rest tremor remained significant. No significant interactions were found with age or sex for either the overall total or any of the movement categories. Among index probands, neither total chlorpromazine dose equivalent nor cogentin dose equivalent correlated with the scores for any of the movement categories (range: r = -0.17 -0.19).
Additional pairwise analyses were completed to investigate the contribution of each movement category, after controlling for all other categories. Specifically, after all covariates (listed above) were entered into the logistic regression equation, all movement categories except one were entered together in one step. The remaining category was entered in the final step to determine if it significantly differentiated the participant groups over and above the other categories. This procedure was completed for each movement category; only akathisia remained significantly higher in the index proband group compared to the combined control group (p = 0.001) after controlling for the other movement categories.
To investigate the significant findings for akathisia, rest tremor, and intention tremor, exploratory analyses were conducted to compare the index proband group and the combined control group on the body regions in which these movement categories occurred. Age, sex, ethnic group, and alcohol and substance abuse were again used as covariates; the results are presented in Table 3 . For akathisia, the index proband group had a significantly higher score for the regions of right arm, right hand/fingers, left arm, left hand/fingers, and trunk. A significant interaction between age and right hand/fingers was observed (p = 0.018). Examination of the data suggested that this interaction was driven by the results from only a few participants and was not indicative of a trend in the sample as a whole. Nevertheless, the analysis of akathisia within the region of right hand/fingers was rerun without age as a covariate, and the findings for this region remained significant. After Bonferroni correction for the seven body regions, right hand/fingers and left hand/fingers remained significant.
Regarding rest tremor, the index proband group had a significantly higher score than the combined control group for the body regions of right hand/fingers, left arm, and left hand/fingers. Only right hand/fingers remained significant after Bonferroni correction. For intention tremor, the index probands had a significantly higher score than the combined controls for the regions of right arm, right hand/fingers, and head. None of the body regions remained significant following correction using the Bonferroni method. No additional interactions were found with age or sex for any of the body regions.
Index probands vs. index siblings
The index proband group and the index sibling group were then compared using logistic regression; sex and alcohol and substance abuse were used as covariates. As presented in Table   3 , the index probands had a significantly higher overall total score when compared to the index sibling group. Additionally, on the basis of the total score 84% of the individuals in the index proband group were categorized as probands and 52% of those in the index sibling group were categorized as siblings (see Appendix A). It is interesting to note that 48% of the siblings were categorized as probands based on the total scores of the individuals in these two groups. When each category was assessed separately, the index proband group had a significantly higher score on akathisia and rest tremor. Akathisia remained significant after Bonferroni correction. In addition, after controlling for all other movement categories using the method described above, akathisia and rest tremor both remained significantly higher in the index probands compared to the index siblings (p = .002 and p = .033, respectively). No interactions with age or sex were found for either the overall total or the movement categories.
To further explore the findings for akathisia and rest tremor, the index proband group and the index sibling group were compared on the body regions in which these movements were observed. Sex and alcohol and substance abuse were again entered as covariates. As shown in Table 3 , for akathisia, the index proband group had a significantly higher score for the regions of right arm, right hand/fingers, left arm, left hand/fingers, and trunk. Right hand/fingers, left arm, and left hand/fingers remained significant following Bonferroni correction. For rest tremor, the index proband group had a significantly higher score for right hand/fingers and a trend towards having a significantly higher score for left arm. After applying the Bonferroni method, right hand/fingers remained significant. No interactions were found with age or sex for any of the body regions.
Index siblings vs. controls
Most importantly, the index sibling group and the combined control group were compared next using logistic regression analysis. Ethnic group and alcohol and substance abuse were used as covariates. As presented in Table 3 , the index sibling group did not differ significantly from the combined controls on the overall total score. In addition, based on the total score 87% of the individuals in the combined control group were classified as controls and 39% of individuals in the index sibling group were classified as siblings (see Appendix A). Thus in this comparison, 61% of the siblings were classified as controls. The index sibling group did have a significantly higher score than the combined control group on the movement category of rest tremor and a trend towards significance for the category of intention tremor, although neither was significant following Bonferroni correction. When compared with each control group separately, the index sibling group did not differ significantly on any movement categories from the control probands and only showed a trend toward significance on rest tremor (p = 0.07) compared to the control siblings. Additionally, when all other movement categories were controlled for, only the score for rest tremor approached significance (p = .058); intention tremor 22 was not significant. It should be noted that the mean scores for rest and intention tremor were low in the index sibling group and were zero in the control group (see Table 2 ). No interactions were found with age or sex for either the overall total or the movement categories.
To investigate the findings for rest and intention tremor, the index sibling group and the combined control group were compared on the relevant body regions, with ethnic group and alcohol and substance abuse entered as covariates. As can be seen in Table 3 , for rest tremor, the index sibling group had a significantly higher score for the body region of left hand/fingers. For intention tremor, the index sibling group showed a trend towards significance for the regions of right hand/fingers and left hand/fingers. None of the regions remained significant for either rest or intention tremor following Bonferroni correction. No interactions were found with age or sex for any of the body regions. 
DISCUSSION
The results of this study indicated that stable, medicated, schizophrenia or schizoaffective outpatients displayed significantly more spontaneous, involuntary movement abnormalities compared to controls. Specifically, akathisia, rest tremor, and intention tremor were significantly elevated in this patient sample. These schizophrenia outpatients also displayed significantly more involuntary movements (akathisia and rest tremor) compared to their non-psychotic siblings. Notably, siblings of schizophrenia patients did not display significantly more involuntary movement abnormalities compared to controls, although rest and intention tremor were observed in a few individuals.
Comparison with previous studies
As stated above, schizophrenia probands displayed significantly more spontaneous dyskinesia compared to controls. In patients, akathisia was observed to occur more frequently in the right and left arms, right and left hands/fingers, and trunk. Further, rest tremor was significantly elevated in the left arm and left and right hands/fingers, and intention tremor was significantly elevated in the right arm, right hands/fingers, and head. Of note, rest and intention tremor were absent in the control group.
The finding that individuals with schizophrenia display more involuntary movements than controls is consistent with results from previous studies of medicated and unmedicated schizophrenia patients (Friedman, 2004) . Previous observations of spontaneous dyskinesia in individuals with schizophrenia who are neuroleptic naïve suggest that although medication certainly may be contributory, it is not the only cause of such movements (Fenton, 2000; McCreadie et al., 1996) . Also, although not a definitive measure of the influence of medication, in the current patient sample neither total chlorpromazine dose equivalent nor cogentin dose equivalent correlated significantly with the scores for any of the movement categories.
Interestingly, the specific types of involuntary movements observed in previous samples of neuroleptic naïve patients included choreoathetoid movements, tremor, akathisia, and dystonia, all of which were observed in the current sample of schizophrenia patients. Importantly, the current finding of a significant elevation in spontaneous dyskinesia in patients compared to controls, a finding that is consistent with previous reports, further supports that the method employed in this investigation is sensitive to detecting spontaneous, involuntary movement abnormalities.
Schizophrenia index probands also displayed significantly more involuntary movements compared to their non-psychotic siblings. Compared to siblings, akathisia in patients was again observed more frequently in the right and left arms, right and left hands/fingers, and trunk. In contrast to the comparison with controls, rest tremor was only observed more frequently in the right hands/fingers, with a trend toward significance in the left arm.
Only a few prior studies have compared spontaneous involuntary movement abnormalities occurring in schizophrenia patients and their relatives. The majority of studies included medicated schizophrenia patients and reported that these patients displayed more involuntary movements than their relatives (Egan et al., 2001; Ismail et al., 1998; Yazici et al., 2002) . These findings are congruent with the results of the current study. In addition, one study was located that compared neuroleptic naïve schizophrenia patients and their siblings (McCreadie et al., 2003) . In that study, significantly more neuroleptic naïve patients had at least mild dyskinesia (33%) compared to their non-psychotic siblings (16%).
Despite the elevations of spontaneous dyskinesia among the current sample of patients noted above, the index sibling group did not display significantly more involuntary movement abnormalities compared to controls when all movement categories were summed together.
However, when each category was explored separately, a significant elevation of rest tremor (p = 0.012) and a trend toward significance in intention tremor (p = 0.057) emerged. These elevations
were not significant when a Bonferroni correction was applied. Upon further analysis, rest tremor was present in only two siblings and intention tremor was observed in only one sibling, but neither was present in controls. In these siblings, rest tremor occurred in the left hand/fingers and intention tremor occurred in the left and right hands/fingers. It is possible that tremor is a noteworthy difference between siblings and controls but that our sample sizes were too small to adequately detect this effect. Alternatively, such isolated results could reflect false positive statistical errors. Overall, based on our results, we conclude that it is unlikely that major differences exist in spontaneous dyskinesia between siblings and controls.
Previous findings regarding the occurrence of spontaneous dyskinesia in first-degree relatives of individuals with schizophrenia are sparse and inconclusive. As reviewed above, four studies (Chen et al., 2000; Flyckt et al., 1999; Kinney et al., 1986; McCreadie et al., 1996) have specifically reported on the percentage of spontaneous involuntary movements in parents or siblings of schizophrenia patients compared with controls. Two of the four studies reported a higher percentage of spontaneous dyskinesia in relatives (Flyckt et al., 1999; Kinney et al., 1986) , and two reported no difference (Chen et al., 2000; McCreadie et al., 1996) . The results of the current study are consistent with the latter, negative findings.
Several factors could contribute to this discrepancy. For example, the studies with positive findings included relatives who were older than controls. Also, it appears that these studies had more liberal inclusion criteria for relatives than for controls, which could increase the possibility of false positive results. For instance, Kinney et al. (1986) excluded relatives diagnosed with schizophrenia and Flyckt et al. (1999) excluded relatives with a psychotic disorder, but both excluded controls with any psychiatric disorder. In contrast, Chen et al. (2000) , who found no significant differences, excluded both relatives and controls with any psychiatric illness.
Strengths and limitations of current study
This study sought to investigate the presence of involuntary movements in individuals with schizophrenia and their siblings while minimizing several of the inconsistencies and weaknesses present in the literature to date. Specifically, four areas were addressed: assessment methodology, rater blindness, inter-rater reliability, and demographic matching of participants.
Use of videotaped assessments conferred several advantages, including: allowing for "informal" observation of involuntary movements, permitting detailed assessment of these movements, facilitating the use of blinded ratings, and allowing for additional ratings to ensure reliability. According to the current neurology literature, spontaneous involuntary movements can be made worse by the stress of a formal neurological exam (Cadet et al., 1986) . This potential source of stress was avoided by observing (on videotape) whether these abnormalities occurred spontaneously during the administration of a standardized, clinical assessment interview. Each individual was carefully observed for the presence of several types of abnormal, involuntary movements. These movements were additionally coded to obtain information on abnormality and severity of the movement. This coding scheme, in addition to the use of digital media and the Observer Pro computerized rating program, facilitated a much more thorough evaluation of spontaneous dyskinesia that is possible in the typical neurological exam.
Furthermore, all ratings were conducted blind to group status by a single individual who obtained good reliability with a second individual who also was trained on this coding system.
Attempts to match participants on age, sex, ethnic group, and education were for the most part successful, with a few exceptions. Most importantly, the index sibling group was not significantly different on demographics compared to the combined control group. However, the index proband group was older, consisted of more males, and fewer European Americans than the combined control group, and had more males than the index sibling group. These differences were controlled statistically during pairwise comparisons.
In addition, two control groups were included to address potential concerns that recruitment strategies may result in a "super-normal" group that was not representative of the general population. By including siblings of controls who are subject to fewer exclusion criteria, we hoped to obtain a more representative control group. As presented earlier, the control groups did not differ and thus were combined in subsequent analyses to increase power. Furthermore, when index probands and index siblings were compared with each control group separately, the results were largely equivalent.
Potential methodological constraints of the current study also should be addressed. First, only movement abnormalities affecting the upper limbs, head, face, and trunk of each participant were assessed. Thus, any involuntary movements occurring in the lower limbs would have been missed. In previous studies, spontaneous dyskinesia observed in schizophrenia patients, relatives, and schizotypal personality disorder (SPD) individuals most often occurred in the upper body (e.g., Walker et al., 1999) , however it cannot be ruled out that inclusion of lower limbs in our assessment might have altered our results.
Second, a measure of anxiety was not included in this study. It is possible that group differences in anxiety level during the interview may account for a portion of the differences in involuntary movement scores. For example, to the extent that anxiety may worsen involuntary movements in general (Cadet et al., 1986) and that the index probands were more anxious during the interview than other participants, heightened anxiety in index probands might have contributed to a greater incidence of involuntary movements in this group, potentially inflating differences between the index probands and the other groups.
Third, as noted above, it is also possible that the current study did not have sufficient power to detect significant differences with a small effect size. Power calculations indicated that our sample sizes (harmonic mean = 41/group when control groups are combined) allowed detection of effect sizes between index siblings and controls of 0.80 (large effect) with power of 0.97 and effect sizes of 0.50 (medium effect) with power of 0.72. However, this study was underpowered (0.22) to detect an effect size of 0.20 (small effect) (p ≤ 0.05, one-tailed) (Cohen, 1987) . Thus, a small effect between index siblings and controls probably would not have been detected in this study.
Implications
Spontaneous dyskinesia was more frequently observed in individuals with schizophrenia than controls. However, the lack of significant differences between siblings and controls argues against an association between spontaneous dyskinesia and an underlying genetic liability to 30 schizophrenia. Thus, in light of the results of this study, it appears that involuntary movement abnormalities may be limited in their utility as endophenotypes in genetic studies of schizophrenia.
The significant elevation in spontaneous dyskinesia in patients compared to nonpsychotic relatives and controls suggests that some involuntary movement abnormalities may be due to genetic variation or environmental experiences that are unique to patients. 
